The two-spotted spider mite, Tetranychus urticae Koch, is one of the main strawberry pests in Brazil and many other countries. The objective of this study was to compare the resistance of eight strawberry genotypes ('Albion', 'IAC Guarani', 'IAC Princesa Isabel', 'Oso Grande', IAC T-0104, IAC 12, IAC 4 and IAC 1.13) to the two-spotted spider mite, by assessing injury level, biological parameters and host preference of the mite. To facilitate the interpretation of the results, leaf trichomes of each genotype were quantified. Thirty days after the artificial infestation of the genotypes with the mite, IAC T-0104, IAC 12 and 'IAC Princesa Isabel' showed the lowest injury levels. 'IAC Princesa Isabel', IAC 4 and IAC T-0104 were distinguished from other genotypes by the highest mean generation time (T) of the mite, while 'IAC Guarani' was distinguished by the lowest T value. Significantly lower values of intrinsic rate of increase (r m ), finite rate of increase (λ) and net reproductive rate (R o ) were determined on 'IAC Princesa Isabel' and IAC 1.13. The mite showed preference for 'IAC Guarani', as inferred by the larger number of females when offered the chance to select the detached host leaflets. Trichome density was highest on IAC 1.13 and lowest on IAC T-0104, IAC 12, 'Albion' and 'Oso Grande'. The results suggested that 'IAC Princesa Isabel', IAC T-0104 and IAC 12 are resistant, IAC 4 and IAC 1.13 are moderately resistant, and 'IAC Guarani', 'Oso Grande' and 'Albion' are susceptible to the mite.
Introduction
Strawberry (Fragaria × ananassa Duch.) (Rosaceae) is the main horticultural fruit crop produced in Brazil (Fachinello, Pasa, Schmtiz, & Betemps, 2011) . The two-spotted spider mite, Tetranychus urticae Koch, is considered one of the main strawberry pests in that country and many others (Klingen & Westrum, 2007; Moraes & Flechtmann, 2008; Dias, Filho, Carmo, & Simões, 2012) . Attacked leaves are initially discolored and may later dry and become totally covered with webbing, leading to up to 80% yield reduction and lower fruit quality (Park & Lee, 2005; Fraulo, Mcsorley, & Liburd, 2008) . the two-spotted spider mite (Lourenção, Moraes, Passos, Ambrosano, & Silva, 2000; El-Shafei & Gotoh, 2010; Afifi, El-Laithy, Shehata, & El-Saiedy, 2010; Monteiro, Kuhn, Mogor, & Silva, 2014; González-Domínguez et al., 2015) . Varietal resistance can be evaluated through the evaluation of factors such as mite behavior, level of inflicted plant injury (Petrova, Cudare, Steinite, & Laugale, 2000; Wold & Hutchison, 2003) , developmental time, survivorship, fecundity, oviposition rate and life table parameters (Gugole Ottaviano, Sánchez, Roggiero, & Greco, 2013; González-Domínguez et al., 2015) . Factors related to resistance to mite pests include morphological characteristics such as tissue thickness and density of trichomes (Handley, Ekbom, & Agren, 2005; Oku, Yano, & Takafuji, 2006; González-Domínguez et al., 2015) , as well as the production of defense compounds, which often inhibit mite feeding (Steinite & Ievinsh, 2002; Figueiredo, Resende, Morales, Gonçalves, & Da Silva, 2013) . The aim of this study was to compare the resistance of eight strawberry genotypes to the two-spotted spider mite, by assessing injury level, biological parameters and host preference.
Materials and Methods

Sources of Plants and Mites
The genotypes used in the study were obtained from the strawberry Active Germplasm Bank of Instituto Agronômico de Campinas (IAC) ( Table 1) , including four commercial cultivars ('Albion', 'IAC Guarani', 'IAC Princesa Isabel' and 'Oso Grande') and four genotypes under development by the IAC Breeding program for resistance to the spider mite (IAC T-0104, IAC 12, IAC 4 and IAC 1.13). 'Albion' and 'Oso Grande' are commonly used by growers of southeastern Brazil. 'IAC Guarani' and 'IAC Princesa Isabel' are cultivars not used commercially anymore, but they were used respectively as susceptible and resistant controls (Lourenção et al., 2000) .
Each plant was transplanted to a 2 L pot containing Basaplant® substrate (a mixture of pinus bark, peat, coal, vermiculite, initial fertilization with NPK and micronutrients). Plants were fertilized bi-weekly, alternating the use of two types of fertilizers, granulated 12-06-12 and soluble 15-15-20.
The specimens of two-spotted spider mite used in this study were obtained from a colony initiated with mites collected from bean plants (Phaseolus vulgaris L.) in Piracicaba, São Paulo State, Brazil. Small fruits, regularly firm and in bunch.
Plant Injury
This evaluation was conducted in a screenhouse under natural environmental conditions (22-38 ºC; 55-75% RH and about 13 h of daily photoperiod), in a randomized block design, with seven treatments (cultivar 'Oso Grande' was not included in the statistical analysis because only three plants were available) and six replicates. Each experimental unit consisted of a plant. Plants of each block were close together, but not touching each other, while blocks were 50 cm from each other. When plants had 4-7 leaves, i.e. about five months from transplanting, ten adult two-spotted spider mites were transferred to the central leaflet of four fully developed leaves of each plant.
After 15 and 30 days, injury caused by the mite was evaluated, assigning a grade to each plant based on the scale of Lourenção et al. (2000) , as follows: 1) No symptom of mite attack; 2) Beginning of leaf discoloration, without visible mite web joining leaves; 3) About 50% of the leaves discolored, with visible mite web joining them; 4) Beginning of leaf drying, plants almost completely covered by mite web; 5) Intensive leaf drying, mite web covering the entire plant; 6) Plant death. Evaluations were done independently by four persons at each evaluation time. In the second evaluation, mite density was also estimated by counting the number of mites in 1.0 cm² in the central area of both faces of three leaflets taken randomly from each plant.
Life Table Parameters
One fertilized female taken randomly from the colony was transferred to each of 20 discs (22 mm diameter) of mature leaves of each genotype placed onto a piece of foam mat inside a Petri dish (15 cm in diameter). The mat was maintained humid by periodic addition of distilled water. Twelve hours later, the females and part of the eggs were removed, leaving only one egg per disc. Subsequent observations were done every 12 h, recording the duration and viability of each immature stage, longevity and fecundity. The mites were maintained in an environmental chamber at 25±1 °C, 70±5% RH and 16 h of daily photoperiod. Mites were transferred to new discs of the same respective genotype every 3-4 days.
Host Preference in Free-Choice Test
The experiment consisted of a completely randomized design with eight treatments and ten replicates. Each experimental unit consisted of a Petri dish (15 cm diameter) containing the distal two thirds of a mature leaflet of each genotype.
The leaflets were distributed at random and equidistantly in a circle along the edge of each dish. The sectioned edge of each leaflet was covered with a layer of cotton wool kept moist to maintain leaflet turgor and to prevent mites from escaping. The distal tip of the leaflets was overlaid with a 8.5-cm-diameter circle of synthetic resin (Paviflex®) to keep the leaflets flat onto the bottom of the plate. Fifty two-spotted spider mite females were randomly taken from bean plants and released in the center of each circle of synthetic resin. The units were kept in an environmental chamber at 25±1 °C, 70±5% RH and 16 h of daily photoperiod. After 1, 6, 12 and 24 h, the number of mites on each leaflet was counted. The number of eggs on each leaflet was also counted in the last evaluation.
Trichome Density
Ten fully expanded leaflets were randomly detached from plants of each genotype, delimiting an area of 16 mm 2 near the central region of the ventral surface of each leaflet (including the central vein). Glandular and non-glandular trichomes were counted under a stereomicroscope (Leica MZ 125, 100X). The glandular trichomes have thick walls and are long, appearing mainly in the abaxial face, along the veins, while non-glandular trichomes are pedunculate and capitate, appearing on both leaf surfaces (Appezzato & Miranda, 1991) .
Statistical Analysis
Plant injury data were compared by the Friedman test (p < 0.05) in the statistical program R Development Core Team (2013). Life table parameters [net reproductive rate (Ro), intrinsic rates of population increase (rm), finite rate of increase (λ) and the mean generation time (T)] were calculated by using TWOSEX-MSChart software (Chi, 1988 (Chi, , 2008 . Proportional data (survivorship and sex ratio) were analyzed with a generalized linear model with binomial distribution, using R software (R Development Core Team, 2013). Host preference data were compared with Kruskal-Wallis test (p < 0.05), while trichome densities were compared with Tukey's test (p < 0.05).
Results
Plant Injury
Significant differences were observed between genotypes. Fifteen days after the infestation, 'IAC Princesa Isabel', IAC T-0104, IAC 12 and IAC 4 had the lowest injury levels (p < 0.001) ( Table 2) . Thirty days later, the first three of these genotypes still showed the lowest injury levels, but in this same evaluation, only 'Albion' differed from other genotypes by the significantly higher mite density (p < 0.001) ( Table 2) ; although not included in the statistical analysis, density on 'Oso Grande' was similar to that on 'Albion'. Note. Means followed by the same letter in the column differ statistically (Friedman test; p < 0.05). a Scale according to Lourenção et al. (2000) ; b Not included in the statistical analysis.
The relation between injury level and mite density (30 days after plant infestation) suggested similar responses of genotypes in respect to the effect of two-spotted spider mite (p = 0.0146; R 2 = 0.657; Figure 1) ; in other words, injury level was proportional to mite density when genotypes were considered together. Most divergent genotypes were 'IAC Guarani' and 'IAC Princesa Isabel', the first showing more and the second less damage than expected by the tendency line. Figure 1 . Mite densities and respective injury levels for different strawberry genotypes 30 days after the release of 40 females on each strawberry plant (n = 240 leaflet per genotype, except 'Oso Grande', for which n = 120)
Life Table Parameters
Survivorship of immatures was always high, the lowest rates being observed on 'IAC Princesa Isabel' (75%), IAC 1.13 (90%) and IAC 4 (95%); survivorship on other genotypes was 100% (F 79,18 = 3.43; p = 0.036) ( Table  3) . Immature developmental period (egg-adult) was longer on 'IAC Princesa Isabel' and IAC 1.13 and intermediate on IAC 4, IAC T-0104 and IAC 12, although in none of these the different immature stages were consistently longer on these than on the remaining genotypes. Conversely, the first two genotypes had the lowest fecundity rates, whereas the latter three, together with 'IAC Guarani', had intermediate rates (Table 4) . Similar pattern of response was observed for daily oviposition rates, except that 'IAC Guarani' had one of the highest rates, together with 'Albion' and 'Oso Grande'. Note. a Standard errors calculated using the bootstrap procedure with 20.000 bootstraps. In each column, different letters refer to statistical differences between treatments using the paired bootstrap test at 5% significance level. b Generalized linear model with binomial distribution. Significantly lower values of the intrinsic rate of increase (r m ), finite rate of increase (λ) and net reproductive rate (Ro) were obtained on 'IAC Princesa Isabel' and IAC 1.13, while intermediate values were obtained on IAC 4, IAC T-0104, IAC 12 and 'IAC Guarani' (Table 5) . Significantly higher values of mean generation time (T) were observed on 'IAC Princesa Isabel', IAC 4 and IAC T-0104, while the lowest T value was observed on 'IAC Guarani'. Note. a Standard errors calculated using the bootstrap procedure with 20.000 bootstraps. In each column, different letters refer to statistical differences between treatments using paired bootstrap test (p < 0.05).
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Trichome Density
A large variation in the average number of trichomes was observed among genotypes (p = 0.039) ( Table 7) . At one extreme, IAC 1.13 differed significantly from other genotypes by having the highest density of total trichomes, whereas the group composed by IAC T-0104, IAC 12, 'Albion' and 'Oso Grande' had the lowest densities. Considering the types of trichomes separately, IAC 1.13 also had significantly higher densities of glandular and non-glandular trichomes than that group of genotypes. Note. In each column, means followed by different letters differ significantly by Tukey test (p < 0.05).
A significant and positive correlation was observed between the numbers of glandular and non-glandular trichomes on the different genotypes (p = 0.0001; R 2 = 0.9191). Thus, relationships between trichomes and other factors were always done taking into account the total number of trichomes. Significant and negative correlations were found between trichome densities of different genotypes and: a) fecundity (life table study Vol. 9, No. 8; 
Discussion
Among the three less damaged genotypes, 'IAC Princesa Isabel' is an old cultivar, which is not used anymore (Antunes & Peres, 2013) , but which can act as a donor of resistance gene(s). The other two (IAC 12 and IAC T-0104), as well as the genotypes with intermediate damage levels (IAC 4 and IAC 1.13), show considerable potential for future development of cultivars resistant to the two-spotted spider mite. The results suggest that the lower mite damage to these genotypes might be due to the lower reproductive potential of the mite on these, as shown by lower mite density on the plants in the mite injury study, by the lower fecundity determined in the life table study (except IAC 4 and IAC 12) and in the preference test (especially IAC T-0104). In addition, 'IAC Princesa Isabel' appears to be less damaged by each mite than other genotypes, as suggested by the second largest difference between observed and estimated damage level for this genotype.
For some genotypes, differences were observed between the average daily oviposition rates determined in the life table and in the host preference studies. Those differences could be related to fact that in the first study the mites were reared from the egg stage on the genotype under study, whereas in the second they were reared on bean leaves and only the adults were exposed to the respective genotypes.
The lowest values of r m on 'IAC Princesa Isabel' and IAC 1.13 were related to the longer immature developmental time and low fecundity of the mite on these than on other genotypes. Concurrently, 'IAC Princesa Isabel' and IAC 1.13 had the highest densities of both glandular and non-glandular trichomes, and this characteristic could also have an important bearing in the low r m values. The non significant correlations between trichome densities and number of mites per leaflets and number of eggs laid within 24 h (in the host preference), as well as between trichome densities and daily oviposition rate (in the life table study) suggest that trichomes have no significant effect on the mite in relation to those parameters. However, those results seem to contrast with the observed negative correlation between trichome density and fecundity, determined in the life table study. This contrast might be explained by the higher mite longevity on leaflets with lower trichome densities, shown in this study.
Contradictory results have been shown in the literature concerning the role of trichomes in plant resistance to two-spotted spider mite (Steinite & Ievinsh, 2003) . Negative effect of glandular and non-glandular (tector) trichomes on strawberry leaves on oviposition and survivorship of the two-spotted spider mite was reported by Luczynski, Isman, Raworth, and Chan (1990) . However, in an extensive field evaluation of 29 strawberry genotypes, Kishaba, Voth, Howland, Bringhurst, and Toba (1972) observed higher susceptibility to two-spotted spider mite by genotypes with denser pubescence. About 30 years later, Steinite and Ievinsh (2003) concluded that the susceptibility of strawberry cultivars were not related to the density of total trichomes, but rather to the density of glandular trichomes. In relating trichome densities to two-spotted spider mite behavior, Figueiredo et al. (2013) showed that on strawberry varieties with greater densities of glandular trichomes the mite moved less, suggesting that this type of evaluation could allow the determination of resistant strawberry cultivars. Although working with a different host plant (tomato), Maluf et al. (2007) also concluded that genotypes with higher densities of glandular trichomes had higher mite-resistance, as suggested by an evaluation of the distance walked by the mite onto the tomato leaf surface.
Glandular trichomes can produce compounds with toxic or antidigestive properties to immature stages of herbivores (Roda & Baldwin, 2003) , and this may explain the higher mortality rate of immature two-spotted spider mite on 'IAC Princesa Isabel' in this study (25% did not reach adulthood). Concurrently, this cultivar showed the lowest injury level as well as very low mite densities in the study of plant injury, in agreement with the result obtained by Lourenção et al. (2000) .
Amongst the most damaged genotypes, 'Albion' and 'Oso Grande' are among the presently most extensively planted cultivars in southeastern Brazil, while 'IAC Guarani' is no longer cultivated (Antunes & Reisser Jr., 2007; Antunes & Peres, 2013) . The high levels of damage on these cultivars are related to the high r m in comparison with other genotypes, which in turn appears to be related to the shortest immature developmental period and the low densities of glandular and non-glandular trichomes (intermediate densities in 'IAC Guarani') in comparison with other genotypes. In addition, 'IAC Guarani' appears to be more intensively damaged by each mite than the other genotypes, as reflected by the largest difference between observed and expected damage level, according to tendency line relating damage to mite density.
In this study, the plants were artificially infested. As plants were maintained in a screenhouse where air movement was low [certainly less than of 24 km/h, considered an adequate speed for mite dispersion according to Boykin and Campbell (1984) ], the mite ultimately was not given the chance to disperse from the less suitable genotypes, having no alternative but to stay on the plants onto which they were inoculated. Thus, it is possible that injury could have been less on the least suitable genotypes if plants were maintained in open fields.
Considering the results of all the experiments, it can be concluded that 'IAC Princesa Isabel', IAC T-0104 and IAC 12 are resistant to the mite, while IAC 4 and IAC 1.13 are moderately resistant. Based on the biological data of the two-spotted spider mite on 'IAC Princesa Isabel' (Tables 3 and 4) , this cultivar appears to be a carrier of antibiosis, a type of resistance characterized by the negative effect of the plant in parameters such as development, survival and reproduction of the damaging organism. The present study confirmed the susceptibility of 'IAC Guarani', to two-spotted spider mite, as previous observed by Lourenção et al. (2000) . This variety, together with the cultivars 'Oso Grande' and 'Albion' were also shown to be susceptible to the mite. Additionally, 'IAC Princesa Isabel' as well as the IAC's material were shown as promising for use in breeding programs for resistance to two-spotted spider mite, reducing strawberry production costs while restricting the use of acaricides for mite control.
